There is an urgent need to transform basic research discoveries into tools for treatment and prevention of mental illnesses. This article presents an overview of the National Institute of Mental Health (NIMH) programs and resources to address the challenges and opportunities in psychiatric drug development starting at the point of discovery through the early phases of translational research. We summarize NIMH and selected National Institutes of Health (NIH) efforts to stimulate translation of basic and clinical neuroscience findings into novel targets, models, compounds, and strategies for the development of innovative therapeutics for psychiatric disorders. Examples of collaborations and partnerships among NIMH/NIH, academia, and industry are highlighted.
INTRODUCTION
Psychiatric disorders are the leading causes of disability worldwide, accounting for 37% of all healthy life years lost from disease (Lopez et al, 2006) . Although available medications and nonpharmaceutical treatments are effective in reducing severity of specific symptoms for subsets of individuals with psychiatric disorders, a substantial proportion of individuals either do not respond at all or the extent of improvement does not translate into meaningful gains in functional outcomes. The reasons for these variables and often unsatisfactory results can be traced to the shortcomings of the available armamentarium. In some cases, serious side effects limit the use of otherwise effective medications, and in others, specific domains of function (eg cognitive deficits in schizophrenia) are poorly treated by available therapeutics (Agid et al, 2007; Pangalos et al, 2007) . The challenge of developing safer, more effective pharmacological treatments is even greater for mental disorders in children and adolescents. Because of heightened safety concerns, psychoactive drugs tested for use in children typically are those that previously have been used in adults (Vitiello, 2007) . Although such a strategy is justifiable for safety reasons, it may miss opportunities for discovery of new medications that may have distinct value at earlier developmental stages.
The number of psychotherapeutic agents with unique mechanisms of action is actually quite small and has not grown appreciably in the past 2 decades (Hughes, 2008) . The need for innovative treatments is compelling and urgent: 'In spite of new medications and psychosocial treatments, mental illnesses, such as schizophrenia and mood disorders, are as much of a public health challenge now as they were a century ago. Now is the time for research to set an ambitious goal of finding cures and preventive interventions for these disabling illnesses.' (Insel and Scolnick, 2006) .
Despite tremendous advances in basic neuroscience and behavioral science that drive our understanding of the neural circuitry and neurobiological mechanisms underlying psychiatric disorders and significant increases in pharmaceutical research and development funding, there is a dearth of new mechanism of action therapeutics in the drug discovery pipeline (for recent reviews, see Brady et al, 2008; Carpenter and Koenig, 2008; Conn and Roth, 2008; Mathew et al, 2008) . The significant challenges facing the pharmaceutical and biotechnology industry to produce new small molecule drugs for mental disorders, however, are not unique to psychiatric drug development. The high cost of developing novel drugs, the high attrition rate of candidate therapeutics during development and clinical testing, and adverse effects contribute to the high rate of failure of new compounds in clinical trials. In 2007, the number of novel drugs approved by the US Food and Drug Administration (FDA) for all diseases areas was at its lowest point since 1983; only 17 new molecular entities were approved (Hughes, 2008) . Despite the unmet need for innovative treatments, only one of the new drugs, lisdexamfetamine (Vyvanse) was approved for a psychiatric indicationF attention-deficit/hyperactivity disorder (ADHD).
DRUG DISCOVERY, DEVELOPMENT, AND TRANSLATION
The goal of the Institute of Medicine (IOM) Forum on Drug Discovery, Development and Translation is 'to increase the number, quality, and value of new drugs by making the drug development process faster, safer, more efficient, and more focused on the needs of patients' (http://www.iom. edu/CMS/3740/24155/39927.aspx). Clearly, there is an imperative need to quickly transform basic research discoveries into drugs, treatments, or methods for prevention to improve health. The work of the forum builds on earlier efforts of the IOM to identify two major obstacles or 'translational blocks' that impede efforts to rapidly apply science to better human health. One roadblock (designated T1) occurs in 'the transfer of new understandings of disease mechanisms gained in the laboratory into the development of new methods for diagnosis, therapy, and prevention and their first testing in humans'. Another of the translational blocks (designated T2) occurs in 'the translation of results from clinical studies into everyday clinical practice and health decision making' (Sung et al, 2003) .
The 'valley of death' in drug discovery exemplifies the gap between upstream research on genes, proteins, and biological pathways and downstream proof of conceptF validation that a target is relevant to treating a disease, that the target or mechanism can be modulated by small molecule compounds, and that the compounds have a desirable profile and are likely to be safe in humans (Moran, 2007) . The National Institutes of Health (NIH) has established a number of translational research and publicprivate partnership programs to bridge the 'valley of death' by providing a vehicle for industry and academic scientists to pool intellectual and material resources to accelerate the discovery and testing of novel chemical entities.
This article presents an overview of the National Institute of Mental Health (NIMH) programs and resources to address the challenges and opportunities in psychiatric drug development starting at the point of discovery through the early phases of translational research (T1). We highlight NIMH and selected NIH efforts to stimulate translation of basic and clinical neuroscience findings into novel targets, models, compounds, and strategies for the development of innovative therapeutics for psychiatric disorders ( Figure 1 ; Table 1 ). The article by Wang PS et al (2008) continues this discussion through the later stages of translational research (T2), highlighting research programs that bridge bench to practice in schizophrenia and psychotic disorders.
NIMH EFFORTS IN SUPPORT OF DRUG DISCOVERY AND THE DEVELOPMENT OF PUBLIC-PRIVATE PARTNERSHIPS
Over the past 5-10 years, NIMH Strategic Plans and National Advisory Mental Health Council workgroup reports have identified scientific priorities and opportunities to shape the Institute's portfolio in drug discovery and development. 'With greater understanding about the The following sections provide an overview of the breadth of NIMH programs and initiatives, along with relevant NIH initiatives, in support of target, model, and drug discovery extending to first in human and clinical proof of concept studies ( Figure 1 ; Table 1 ). A description of ongoing and recently completed large clinical trials supported by NIMH is beyond the scope of this article and can be found at http://www.nimh.nih.gov/studies/index.cfm.
INNOVATIVE MODELS FOR UNDERSTANDING PATHOPHYSIOLOGY AND TESTING NOVEL THERAPEUTICS
One of the challenges for psychiatric drug discovery is the pressing need to develop innovative models to understand the pathophysiology of psychiatric disorders and to predict the efficacy of novel treatments. Several recent articles assessed the reliability of models to predict efficacy of compounds for the treatment of schizophrenia, depression, and anxiety disorders (Carpenter and Koenig, 2008; Conn and Roth, 2008) . In one study, nearly 500 compounds (140 antipsychotic, 211 antidepressant, and 143 anxiolytic) were classified based on their molecular target(s) and evaluated based on preclinical validation, whether preclinical studies predicted clinical efficacy, and whether the compound displayed greater efficacy than 'conventional treatment' (Conn and Roth, 2008) . The predictive value of existing preclinical models was variable, with modest to poor ability to predict the efficacy of novel mechanism of action compounds in schizophrenia or depression, and slightly more reliability in predicting efficacy for anxiety disorders, but not for specific types of anxiety. In addition, a recent editorial lends weight to the argument that traditional mechanistic models of psychiatric disorders may be misleading, and calls for the use of model organisms to identify the function of genetic alleles and cellular changes that confer risk and resiliency to mental disorders (Insel, 2007) . The need for novel models that address pathology of mental disorders and discover targets for therapeutic intervention is congruent with efforts to identify genetic risk alleles and epigenetic mechanisms that code susceptibility conferred by adverse life experiences. 
RESOURCE SUPPORT FOR DRUG DISCOVERY
The NIMH complements support of investigator-initiated grants in the area of treatment research through specific initiatives developed to stimulate and facilitate drug discovery and development initiatives. These initiatives are intended to encourage investigators interested in developing new therapeutics or novel ways to test candidate compounds, including new assays or model systems to evaluate potential efficacy and utility in the treatment of mental disorders. The initiatives span the breadth of the drug development process, from target identification and ligand discovery, to preclinical development. The NIMH has identified several opportunities for linking molecular neuroscience with efforts to facilitate both drug and tool discovery relevant to mental disorders. To address the needs of a diverse set of researchers interested in advancing the study of novel compounds toward these goals, the NIMH established contract services for drug screening, synthesis, and preclinical toxicology studies.
The NIMH Psychoactive Drug Screening Program is a resource program that provides screening of novel psychoactive compounds for pharmacological and functional activity at cloned human or rodent CNS receptors, channels, and transporters (http://pdsp.med.unc.edu/). The contract also provides assays for predicting bioavailability and cardiovascular toxicity and supports a Ki database of affinity constants for ligand binding (http://pdsp.med.unc. edu/pdsp.php).
The NIMH Chemical Synthesis and Drug Supply Program synthesizes and distributes novel research chemicals, psychoactive drugs, positron emission tomography (PET) and single photon emission computed tomography (SPECT) imaging ligand precursors, and compounds that are unavailable to the scientific community from commercial sources to stimulate basic and clinical research relevant to mental health (http://nimh-repository.rti.org/). The repository contains more than 350 compounds that are available for research use, and has just begun to distribute screening plates of the inventory in 96-well format. In addition, the program has the capability to provide limited Good Manufacturing Practice (GMP) synthesis of promising candidate compounds for use in clinical studies.
The NIMH Toxicological Evaluation of Novel Ligands Program advances the discovery of neuroimaging biomarkers by providing toxicology and safety assessment services for promising, target-selective ligands for PET, SPECT, or magnetic resonance imaging studies (MRI) in humans (http://www.sri.com/biosciences/nimh/nimh-tox.html). The program also provides limited assessment of novel psychoactive agents for clinical research and as potential therapeutics. Toxicology and safety data generated by the program are used to support exploratory Investigational New Drug (IND) applications to the FDA for human studies. The program has conducted toxicological evaluation of more than a dozen novel imaging ligands for G-proteincoupled receptors (GPCRs), transporters, and metabotropic glutamate receptor subtypes as well as pharmacokinetic and bioavailability assessment of three novel clinical candidates.
The NIH Roadmap Molecular Libraries Program has established a translational high-throughput screening (HTS) screening resource in the academic environment to improve the understanding of biology and disease mechanisms (http://nihroadmap.nih.gov/molecularlibraries/). At the core of this initiative is the Molecular Libraries Screening Centers Network (MLSCN, http://www.mli. nih.gov; the Molecular Libraries Probe Production Centers or MLPCN beginning in September 2008 as the program moves into the production phase). The MLSCN optimizes and performs HTS to identify compounds that are active in biochemical, cell-based, or model organism assays using multiple screening formats, including target-based, reporter, and phenotypic screens. Active compounds identified through initial screening of the library (the Small Molecule Repository) are optimized through a combination of structure-activity analysis and synthetic chemistry to obtain useful chemical probes that can be used to study the functions of genes, cells, and biochemical pathways. NIH anticipates that these projects will also facilitate the development of new drugs by providing early-stage chemical compounds that will enable researchers in the public and private sectors to validate new drug targets, which could then move into the drug development pipeline. For example, the availability of small molecule probes to characterize the biology of genes of interest, cellular processes, and proteins associated with disease processes will further advance our knowledge of nervous system pathophysiology and unveil additional targets for new therapeutic approaches to human diseases, including psychosis, depression, anxiety, pain, and aging-associated neurodegenerative disorders.
In its pilot phase, the MLSCN consortium included one intramural and nine extramural centers with expertise in assay development, HTS, chemistry, and informatics. 300 000 compounds of specified purity, quantity, and solubility (http://mlsmr.glpg.com/MLSMR_HomePage/). The library contains structures not typically found in commercial collections or those housed in pharmaceutical companies. Sources of these unique structures include: natural products and novel compounds libraries prepared by academic investigators through the Pilot Scale Libraries program (http://mli.nih.gov/funded-research/chemicaldiversity/); compounds generated by the Centers for Chemical Methodologies and Library Development (http:// www.nigms.nih.gov/Initiatives/CMLD); and those obtained through an NIH solicitation (http://grants.nih.gov/grants/ guide/notice-files/NOT-RM-07-005.html). The library of compounds has been assayed in more than 200 biological targets to date.
Data generated by the MLSCN centers including assay descriptions, chemical structures, and biological assay and profiling data for individual compounds are available in PubChem, a publicly accessible database maintained by the National Library of Medicine (http://pubchem.ncbi.nlm. nih.gov/). Investigators in the public and private sector have access to resources of the screening centers, on a competitive basis, through HTS and Assay Development initiatives (http://mli.nih.gov/), by submitting compounds to the Small Molecule Repository for screening, and through PubChem. In addition, the NIH Clinical Collection, a plated array of 450 drugs that have been in clinical testing, is available to researchers at cost (http://www.nihclinicalcollection. com/) to enable benchtop screening. These compounds may serve as starting points for medicinal chemistry optimization efforts and, in some cases, may even be appropriate for use in new disease areas (ie, drug repurposing; Chong and Sullivan, 2007) . Chemical probes are emerging from the MLSCN at an increasing rate for a variety of targets and cell phenotypes, many in the CNS area (Huang et al, 2007; Lewis et al, 2008; Niswender et al, 2008; Skoumbourdis et al, 2008; Titus et al, 2008) . More information on this Molecular Libraries effort is available (Austin et al, 2004; Huryn and Cosford, 2008; Lazo et al, 2007) .
NIH Rapid Access to Interventional Development (NIH-RAID) is an NIH Roadmap pilot program intended to reduce some of the common barriers (the 'valley of death') in the small molecule development pipeline from preclinical discovery to clinical testing (http://nihroadmap.nih.gov/ raid/). The goal of the NIH-RAID pilot is to make available, on a competitive basis, certain critical resources needed for the development of therapeutic agents. NIH contract services supported by the program include: scale-up production, bulk supply, and GMP manufacturing of small molecule drugs for phase I studies, formulation development, development of bioanalytical assays for pharmacokinetic studies, range finding and IND-directed toxicology, and product development planning to support IND filing. Academic investigators are invited to submit resource access applications in response to the program announcement (http://grants.nih.gov/grants/guide/pa-files/PAR-07-358.html). The program does not support in vitro or in vivo testing or production of materials for studies beyond phase I. Contract services have assisted in the development of several, novel CNS therapeutic agents through the NIH-RAID program with co-funding from NIMH and the neuroscience institutes. Examples of approved projects include: vasopressin 1A antagonist SRX246 for treating anxiety and depression; M1 muscarinic agonist CDD-0102A for the treatment of Alzheimer's disease; and k-opioid receptor antagonist JDTic for treating drug abuse (cocaine relapse), depression, and schizophrenia (http://nihroadmap. nih.gov/raid/ApprovedProjects.aspx).
To maximize the potential for translating basic molecular science into treatment and tool discoveries, the Drug Discovery for Nervous System Disorders initiative specifically encourages the submission of applications aimed at drug discovery and early preclinical testing of compounds with therapeutic potential (http://grants.nih.gov/grants/guide/ pa-files/PAR-07-048.html). The initiative encourages studies aimed at design, synthesis, and preclinical testing of compounds, development of novel delivery systems, and cell-based assays for screening of candidate compounds for efficacy and/or toxicity. The announcement also encourages the development of novel assays using model organisms or behavioral systems for preliminary screening or further evaluation of candidate compounds, including in vivo models that emulate critical features of specific CNS disorders. Model development under these funding opportunities should be directed toward assessing potential efficacy rather than elucidating disease mechanisms. Applications submitted in response to this announcement are directed to Neural Drug Discovery, a Special Emphasis Review Panel convened by the Center for Scientific Review (http://www.csr.nih.gov/Roster_proto/allother_sep.asp). Projects funded through this initiative by NIMH have examined a range of promising targets for mental disorders, including subtype selective benzodiazepine ligands, peptide receptor ligands, metabotropic glutamate receptor potentiators, and GSK-3b inhibitors.
The discovery and application of novel imaging ligands hold promise for both facilitating drug discovery and for identifying molecular and cellular pathways implicated in psychiatric disorders as targets for treatment development. NIMH supports the development of imaging ligands through initiatives such as the Development and Application of PET and SPECT Imaging Ligands as Biomarkers for Drug Discovery and for Pathophysiological Studies of CNS Disorders. This initiative encourages applications aimed at developing novel radioligands for PET or SPECT imaging in human brain to facilitate the broad application of neuroimaging probes in pathophysiological studies, drug discovery/ development research, and in biomarker development/ qualification studies as quantifiable indicators of disease progression and treatment efficacy (http://grants.nih.gov/ grants/guide/pa-files/PA-06-461.html). Projects supported by NIMH in response to this initiative include the development of radiotracers for targets including GPCRs, transporters, glutamate receptor subtypes, and b-amyloid.
Some of these projects have involved collaborations with private sector partners.
SUPPORTING COLLABORATIONS AMONG GOVERNMENT, INDUSTRY, AND ACADEMIA FOR PRECLINICAL, FIRST IN HUMAN, AND CLINICAL STUDIES
Small businesses have an increasingly important role in drug discovery and development. The NIMH supports small business involvement in drug discovery through the Small Business Innovation Research (SBIR) program sponsorship of several targeted initiatives aimed at the development of novel pharmacological treatments for mental disorders (http://grants.nih.gov/grants/guide/pa-files/PA-08-142.html), including novel molecular/cellular and in vivo screening assays, the commercial development of novel radioligands for PET and SPECT imaging in human brain (http:// grants.nih.gov/grants/guide/pa-files/PA-08-137.html). The program also supports initiatives to develop novel tools for investigating brain-derived GPCRs (http://grants. nih.gov/grants/guide/pa-files/PA-06-375.html), and highthroughput tools for brain research at any level of analysis, from molecules through behavior (http://grants.nih.gov/ grants/guide/pa-files/PA-08-001.html). As an example of the impact of this program, NIMH SBIR funding supported the development of SmartCube technology at PsychoGenics Inc. (Hawthorne, NY). The SmartCube technology platform employs an automated, high-throughput system for measuring physiology and behavior in live animals to rapidly evaluate novel compounds (CRISP abstract, http://crisp.cit.nih.gov/crisp/ CRISP_LIB.getdoc?textkey=7326301&p_grant_num=1R43 MH075460-01A2&p_query=(psychogenics)&ticket=57512753 &p_audit_session_id=293002869&p_audit_score=19&p_audit_ numfound=1&p_keywords=psychogenics). PsychoGenics has now partnered with Eli Lilly and Company, Sepracor Inc., Cephalon Inc., and Sosei Company Ltd to use SmartCube in screening proprietary compounds for psychiatric disorders (http://www.psychogenics.com/pressreleases.shtml). Additional NIMH SBIR initiatives can be found at http://www.nimh.nih.gov/research-funding/smallbusiness/small-business-program-announcements-issued-bynimh.shtml.
The NIMH participates in several large grant and cooperative agreement programs aimed at fostering partnerships among NIMH, academia, and industry to advance the development and testing of fundamentally new, rationally designed medications and treatments for mental disorders. These initiatives provide a vehicle for industry and academic scientists to pool intellectual and material resources for the translation of basic science findings into the conceptualization, discovery, and evaluation of new chemical entities in preclinical, first in human, and proof of concept studies in the treatment of mental disorders. Below are descriptions of translational programs that have been an effective means for NIMH to assist the academic and private sector efforts to fill the drug discovery pipeline with novel mechanism of action compounds for the treatment of mental disorders.
The National Cooperative Drug Discovery Group (NCDDG) program was implemented in 2004 in response to the NIMH strategic plan for mood disorders to support the discovery of pharmacological agents targeting novel molecular targets implicated in the pathophysiology of mood and anxiety disorders. The goal of the NCDDG program at that time was to accelerate innovative drug discovery, the development of pharmacological tools for basic and clinical research on mental disorders or nicotine addiction, and the development and validation of models for evaluating novel therapeutics for mental disorders through encouraging scientific collaborations between academia and the private sector. Academic and/or pharmaceutical industry components of each NCDDG were charged with contributing unique scientific expertise toward the common goal of translating basic science findings into innovative pharmacological treatments. Several innovative projects involving academic and private sector partnership were supported. One project that involves collaboration between investigators at the University of Pennsylvania and Wyeth Discovery Neuroscience, Depression and Anxiety Research Group is focusing on central growth factors and cell proliferation as a novel mechanism for developing treatments for depression and anxiety (Malberg et al, 2007 ; CRISP abstract, http://crisp.cit.nih.gov/crisp/CRISP_LIB. getdoc?textkey=7234053&p_grant_num=5U01MH072832-03 &p_query=&ticket=66493697&p_audit_session_id=330527981 &p_keywords=).
Another project that involves collaboration between investigators at Emory University School of Medicine, the NIMH Intramural Research Program, the Mount Sinai School of Medicine, and GlaxoSmithKline Center for Excellence in Drug Discovery in Psychiatry has preclinical and clinical components to assess the efficacy of novel compounds. The project has focused on assessing the efficacy of corticotrophin releasing hormone receptor 1 antagonists and a substance P or neurokinin1 (NK1) receptor antagonist in preclinical models of anxiety and depression, startle models in rodents and a cytokine-induced depression model in primates (Felger et al, 2007) . For the clinical component, proof of concept studies are in completion for evaluating the efficacy of the NK1 antagonist in post-traumatic stress disorder (PTSD, see NCT00211861, http://clinicaltrials.gov/ ct2/show/NCT00211861?term=NK1&rank=1; NCT00383786, http://clinicaltrials.gov/ct2/show/NCT00383786?term=NK1 &rank=2).
In the current announcement, the NCDDG program has expanded its focus to include all mental disorders, drug, or alcohol addiction with the goal of accelerating the development of research tools for new molecular targets implicated in mental disorders, or drug or alcohol addiction, and of effective compounds for the prevention and treatment of psychiatric and addictive disorders, as well as core features of these illnesses, especially in areas of unmet medical need (http://grants.nih.gov/grants/guide/pa-files/PAR-07-159.html).
NIMH initiatives in psychiatric drug discovery LS Brady et al   .......................................................................................................................................................... Each partnership or group must consist of a multidisciplinary team of scientists with appropriate expertise to address the development and evaluation of novel ligands, and the development of testing models where required. NIMHrelevant NCDDG research projects can focus on one or more molecular targets and include two or more of the following areas: (1) ligand discovery for therapeutics development and as research tools (eg, imaging probes) for novel molecular targets implicated in mental illnesses; (2) preclinical testing of novel compounds in disease-based models; (3) development and validation of novel, disease-based genetic models combined with environmental or behavioral manipulations for evaluating therapeutic compounds; (4) initial GLP toxicology, safety pharmacology, and pharmacokinetics to support IND application to the FDA to begin human clinical testing, and/or (5) limited phase I studies. The program also supports the goal of developing and evaluating new cellular, circuit, genetic, or pathophysiology-based models for validation of novel targets for mental disorders. These collaborative projects have potential to facilitate novel hypotheses and approaches toward the development of more effective therapeutics with fewer adverse effects. For example, a recently funded project involves collaboration between investigators at University of North Carolina Chapel Hill, Duke University, and Wyeth Neuroscience Discovery, Schizophrenia Research Group. The project focuses on functional selectivity of compounds as a platform for drug discovery in schizophrenia (Mailman, 2007; Urban et al, 2007) . On the basis of the initial selectivity profile, compounds will be evaluated by innovative technology such as 'designer receptors' (Armburster et al, 2007 ) and molecular profiling, and then in mouse models and a battery of behavioral tests. The goal of this strategy is to identify and prioritize compounds with novel mechanisms for further testing as potential therapeutics for schizophrenia (CRISP abstract, http://crisp.cit.nih.gov/crisp/CRISP_LIB.getdoc?textkey= 7502014&p_grant_num=5U19MH082441-02&p_query=&ticket= 66493590&p_audit_session_id=330527981&p_keywords=).
CLINICALLY ORIENTED COLLABORATIVE INITIATIVES TO TRANSITION CLINICAL CANDIDATES FROM DISCOVERY TO CLINICAL DEVELOPMENT
NIMH has developed a number of innovative programs to foster collaborations among government, academia, and industry. One area of focus has involved the identification of key functional deficits in mental disorders and the use of standardized assessment instruments to evaluate the efficacy of novel pharmacological treatments. Selected examples of these translational initiatives are highlighted to illustrate the type and scope of work supported.
The Cooperative Drug Development Group (CDDG) program was developed in 2005 to support proof of concept studies of IND-ready compounds for the treatment of core symptoms associated with mental disorders. As with the NCDDG, grants funded under the CDDG program foster long-term partnerships among NIMH, academia, and industry to advance the development and testing of new medications and treatments for serious mental disorder (http://grants1.nih.gov/grants/guide/pa-files/PAR-05-010.html). However, in contrast to the NCDDG that is aimed at more preclinical discovery, the principal aim of the CDDG program has been the testing of novel mechanism therapeutics or approved agents in clinical populations as a mandatory element. The projects funded under the CDDG program help fill the gap between preclinical drug discovery efforts and the clinical effectiveness trial networks also supported by the NIMH. In 2008, the NCDDG and CDDG initiatives will be merged into a single program announcement, the National Cooperative Drug Discovery and Development Groups (NCDDDG) program (http://grants1. nih.gov/grants/guide/pa-files/PAR-08-238.html). A few examples of CDDG projects are described as follows.
Researchers at the Nathan Kline Institute are testing D-serine as an effective treatment for persistent negative symptoms and cognitive dysfunction in schizophrenia and in prodromal schizophrenia patients (CRISP abstract, http:// crisp.cit.nih.gov/crisp/CRISP_LIB.getdoc?textkey=7280390 &p_grant_num=5U01MH074356-03&p_query=&ticket= 57659771&p_audit_session_id=293246935&p_keywords=). A CDDG being conducted in China is assessing an a-7 neuronal nicotinic acetylcholine receptor agonist tropisetron as a target for pharmacotherapy in schizophrenia to improve cognitive and perceptual disturbances and symptoms in schizophrenia and to reduce nicotine use when administered in conjunction with the atypical neurolepetic, risperidone (CRISP abstract, http://crisp.cit.nih.gov/crisp/ CRISP_LIB.getdoc?textkey=7280390&p_grant_num=5U01 MH074356-03&p_query=&ticket=57659771&p_audit_session_ id=293246935&p_keywords=).
A second initiative, the Centers for Intervention Development and Applied Research (CIDAR) program was developed to support interdisciplinary teams of basic, applied, and clinical investigators to target challenging problems in the diagnosis or treatment of mental illness. The program focused on research to (1) define predictors and understand the mechanism of treatment response in major mental disorders, (2) create and refine biomarkers to assess the presence and/or extent of mental illness, and (3) hasten the development of novel treatments for mental disorders (http://grants.nih.gov/grants/guide/notice-files/ NOT-MH-06-123.html). The goal of CIDAR is to accelerate the translation of basic and clinical research into innovations in clinical assessment and therapeutics. The following examples are CIDARs that involve adult populations.
Researchers at Emory University are identifying factors that may predict treatment response by comparing the effectiveness of three antidepressant treatments: escitalopram, a selective serotonin reuptake inhibitor; duloxetine, a serotonin norepinephrine reuptake inhibitor; and cognitive behavioral therapy in people with major depressive disorder The NIH-supported Studies to Advance Autism Research and Treatment (STAART) network consists of eight centers across the United States. that conduct cross-disciplinary research on the scientific understanding and optimal treatment of autism (STAART, http://www.nimh.nih.gov/ research-funding/scientific-meetings/recurring-meetings/ iacc/nih-initiatives/staart/index.shtml). Two collaborations across STAART centers focus on pharmacological interventions for children and adolescents with autism. One study assesses the safety and feasibility of treating 30-to 58-month-old autistic children with fluoxetine to enhance developmental processes in core areas impacted by autism (NCT00183339, http://www.clinicaltrials.gov/ct2/show/ NCT00183339?term=NCT00183339&rank=1). The second aims to determine the efficacy and safety of citalopram compared to placebo in the treatment of 5-to 17-year-old children with autism (NCT00086645, http://www.clinical trials.gov/ct/show/nct00086645?order=2).
Measurement and Treatment Research to Improve Cognition in Schizophrenia
The Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) program is an example of a collaborative NIMH/industry/academic approach to advance drug development by focusing on a core component of the disorder, the neurocognitive impairments (http://www.matrics.ucla.edu/). The goals of this program were to catalyze regulatory acceptance of cognition in schizophrenia as a target for drug registration, promote development of novel compounds to enhance cognition in schizophrenia, leverage economic research power of industry to focus on important but neglected clinical targets, and identify lead compounds that support proof of concept trials for cognitive enhancement in schizophrenia. A series of conferences were held as part of the MATRICS process to assess what is known about cognitive deficits in schizophrenia, develop a consensus on the promising targets for intervention and the most promising models (animal and human) for use in drug development for this indication, identify a core battery of cognitive assessment tests, and identify the most appropriate clinical trials design. These conferences included participants from NIMH, the FDA, academia, and industry. The major outcome was the identification of seven key domains of cognitive function that are disrupted in schizophrenia and the development of a consensus test battery to assess those domains for use in clinical trials of pro-cognitive medications for schizophrenia (Buchanan et al, 2005) . Key initiatives and outcome are summarized below. For a recent review of the program and targets for cognitive enhancement in schizophrenia, see Gray and Roth, 2007; Marder and Fenton, 2004; Stover et al, 2007 .
MATRICS Consensus Cognitive Battery, Part 1: Test Selection, Reliability, and Validity. The lack of an accepted standard for measuring cognitive change in schizophrenia has been a major obstacle to regulatory approval of cognition-enhancing treatments. A primary mandate of the NIMH MATRICS initiative was to develop a consensus cognitive battery for clinical trials of cognition-enhancing treatments for schizophrenia through a broadly based scientific evaluation of measures. The article by Nuechterlein et al (2008) reports the process by which 10 tests were selected to represent seven cognitive domains in the MATRICS Consensus Cognitive Battery (MCCB); http:// www.matrics.ucla.edu/matrics-psychometrics-frame.htm. This is expected to be the standard tool for assessing cognitive change in clinical trials of cognition-enhancing drugs for schizophrenia. It may also aid evaluation of cognitive remediation strategies.
MATRICS Consensus Cognitive Battery, Part 2: CoNorming and Standardization. To facilitate interpretation of results from the MCCB using a common scaling across tests, normative data were obtained from a single representative US community sample of 300 individuals and the components were co-normed with allowance for demographic corrections, facilitating valid interpretation of test scores and communication of findings across studies . These normative data will aid in interpreting MCCB test results during clinical trials of cognition-enhancing agents.
NIMH EFFORTS TO EXPAND TOOLS FOR ASSESSING COGNITIVE IMPAIRMENTS AND NEGATIVE SYMPTOMS IN SCHIZOPHRENIA
Although the MATRICS initiative led to the development of a consensus cognitive battery to assess cognitive change in clinical trials, many of the neuropsychological measures included in the MATRICS battery are complex. There is a need for more precise assessment instruments to measure changes in cognitive functioning in treatment studies that incorporate advances in experimental cognitive science and cognitive neuroscience methods. The goal of the Adapting Basic Cognitive Measures for Clinical Assessment of Schizophrenia initiative is to support the selection, adaptation, and optimization of experimental cognitive measures for use in treatment trials of schizophrenia (http://grants. nih.gov/grants/guide/rfa-files/RFA-MH-08-090.html).
Cognitive Neuroscience Approaches to Treatment Development for Impaired Cognition in Schizophrenia
The Cognitive Neuroscience Approaches to Treatment Development for Impaired Cognition in Schizophrenia (CNTRICS) initiative supports a series of workshops as a continuation of MATRICS. The goal of the CNTRCS workshops is to develop, adapt, and implement measurement approaches from cognitive, social, and affective neuroscience for use in clinical trials (http://cntrics.ucdavis.edu/). The current clinical tests used to assess cognition in schizophrenic patients and the effects of therapeutics on cognitive function were developed before basic research in cognitive neuroscience identified specific neural circuits and systems potentially involved in cognitive processes. Cognitive neuroscientists have developed animal models and testing paradigms that tap into the basic neural mechanisms believed to underlie cognition, however, these paradigms have not, for the most part, been used in the drug development process and have not been translated to the clinical setting. The workshops are intended to help develop tests that are more specific measures of brain functions related to cognitive function in schizophrenia and to assure that these measures are validated for use in clinical trials. For example, a cognitive neuroscience approach is being used to examine the function of specific cognitive systems (Carter and Barch, 2007) . These theoretical model systems have been conceptualized, specified in mechanistic terms and validated using exhaustive experimentation in which task parameters are varied and performance measured to test predictions arising from the models. Importantly, these constructs have been increasingly defined in terms of brain function, using noninvasive measures such as evoked response potentials and fMRI to characterize the functioning of well-specified cognitive systems in the human brain. Further, many of these constructs have also been validated in animal models that have allowed very precise specification of the pattern of neural activity, supporting distinct cognitive mechanisms in specific brain regions and the neuropharmacological substrates of these mechanisms.
Negative Symptoms
A consensus-building meeting sponsored by NIMH indicated that negative symptom in schizophrenia is another area where there is a need for treatment development. The group agreed that the development of new therapeutic approaches could be aided by a data-driven approach, similar to MATRICS, for developing a new instrument. A workgroup chaired by Dr Brian Kirkpatrick is evaluating the Negative Symptom Rating Scale to improve the measurement of negative symptoms (http://www.matrics. ucla.edu/matrics-neg-symptom-initiative.shtml). Training tapes for this instrument have been distributed to a number of investigators. These will be administered to schizophrenia populations. After some refinement, systematic data collection will be initiated to evaluate the psychometric characteristics of the instrument (Kirkpatrick et al, 2006; Stover et al, 2007) .
Treatment Units for Research on Neurocognition and Schizophrenia
Treatment Units for Research on Neurocognition and Schizophrenia (TURNS) is another NIMH strategy to stimulate academic-and industry-sponsored research focused on cognitive deficits in schizophrenia (http:// www.turns.ucla.edu). The TURNS program supports a clinical research network to evaluate the safety, efficacy, pharmacokinetics, and pharmacodynamics of new agents for the treatment of cognitive deficits of schizophrenia using the MCCB. The TURNS program also provides support for a compound selection committee to review compounds with putative cognitive enhancing activity for proof of concept studies for the treatment of cognitive deficits of schizophrenia within the network (http:// www.turns.ucla.edu/turns-compound-frame.htm). To date, two compounds have been selected to move forward for testing in the TURNS clinical trials network.
The first is AL-108, an intranasal drug product containing NAP, an eight amino-acid peptide (Asn-Ala-Pro-Val-SerIle-Pro-Gln; NAPVSIPQ) fragment of the much larger activity-dependent neuroprotective protein known to participate in neurodevelopment and neuroprotection, mediating its effects in part through interaction with microtubules (http://www.allontherapeutics.com/pd_AL-108.htm). AL-108 is associated with microtubule interaction and neuroprotection and has been shown to cross the bloodbrain barrier. A 12-week multicenter, double-blind clinical trial of two doses of AL-108 vs placebo is underway, with AL-108 being added as an adjunct to schizophrenia patients' antipsychotic medication (NCT00505765, http://clinicaltrials. gov/ct2/show/NCT00505765?term=AL-108&rank=1).
A proof of concept study will test the GABA-A a2 mechanism of cognitive enhancement as an adjunctive treatment for schizophrenia. Two doses of MK-0777 will be tested for efficacy and safety in the treatment of cognitive impairments in schizophrenia in a 6-week multicenter, doubleblind clinical trial. Secondary goals are to determine whether MK-0777 has beneficial effects on measures of functional capacity and patient self-report of cognitive function (NCT00505076, http://clinicaltrials.gov/ct2/show/NCT00505076? term=MK-0777&rank=1). It is anticipated that TURNS will conduct future trials of clinical candidates with promising cognitive enhancing activity that will be sponsored by industry.
NIMH SUPPORT FOR REAL-WORLD OUTCOMES RESEARCH STUDIES
Measurement tools used to assess cognitive performance of individuals in clinical trials are not able to predict improvement in the ability to function in real-life tasks. NIMH has undertaken several initiatives, in partnership with academia and industry, to identify and test real-world outcome measures that can be used in clinical trials of cognitive enhancing agents in schizophrenia.
Functional Co-primary Measures for Clinical Trials in Schizophrenia
During the consensus meeting of the NIMH MATRICS initiative, the FDA took the position that a cognitiveenhancing drug for schizophrenia should show changes on: (1) an accepted consensus cognitive performance measure and (2) an additional measure (ie, a co-primary) that is considered functionally meaningful. In the MATRICS Psychometric and Standardization Study, two measures of functional capacity and two interview-based measures of cognition were evaluated in 176 patients with schizophrenia. It was decided not to endorse a single co-primary measure of community function for clinical trials at this point. The current findings offer the initial steps to identify functionally meaningful co-primary measures in this area and will help to guide further evaluation of such measures (Bellack et al, 2007) .
MATRICS Co-primary and Translation (MATRICS-CT) is another example of a public-private partnership involving NIMH, academia, and industry. MATRICS-CT will identify and evaluate potential 'co-primary' measures that can be used in clinical trials to assess functionally meaningful outcomes (ie, the ability of individuals to perform a functionally meaningful task and whether this improvement is related to changes in their community functioning). In addition, the project will translate the MCCB into foreign languages to facilitate international clinical trials. Unlike MATRICS, this project was initiated and is supported by industry and is coordinated by the Foundation for the NIH (FNIH). For additional information, see http://www. esi-topics.com/fmf/2007/september07-MichaelFGreen.html).
Recently, experts in neurocognition, outcomes, and clinical trials from academia, government, and industry held a series of conferences and a live meeting to begin the process of selecting the measures that could be included in a validation study. Criteria for selecting measures were developed and tests were nominated by researchers and clinicians. Measures that are based on well-defined tasks carried out by patients (or performance-based measures) were evaluated as well as measures that depend on an interview. In February 2008, a diverse group of experts from academia and industry reviewed information about each measure and rated how they met the selection criteria. The results of the meeting are posted at http://www.matrics. ucla.edu. The information from the meeting is being used to design a validation study.
In a related effort, the RAND panel method is being used in an NIMH program that focuses on selecting measures of 'real-world' outcome in schizophrenia (CRISP abstract, http:// crisp.cit.nih.gov/crisp/CRISP_LIB.getdoc?textkey=7258655 &p_grant_num=1R01MH078775-01A&p_query=&ticket= 58950112&p_audit_session_id=297411474&p_keywords=). Using a similar process for developing criteria for measures, a panel was convened in February 2008. Again, agreement was reached on rating how nominated measures met selection criteria. The ratings are being reviewed and a validation study is being planned.
Two recently funded grants addressing this issue aim to identify existing measurement methods that most accurately assess schizophrenic participants' skills and their actual application of those skills and function in daily-life situations. Results of the project are meant to provide scientists who conduct future research on the effectiveness of treatments with tools that will reflect the truest possible picture of daily-life outcomes in schizophrenia (http:// www.nimh.nih.gov/science-news/2008/real-world-outcomesin-schizophrenia-are-focus-of-two-new-nimh-grants.shtml).
COMPLIMENTARY NIH EFFORTS TO DEVELOP STANDARDIZED ASSESSMENT TOOLS
The NIH Toolbox for Assessment of Neurological and Behavioral Function is a comprehensive set of behavioral measures for assessing cognition, emotion, sensation, and motor functions (http://neuroscienceblueprint.nih.gov/ neuroscience_resources/clinical_tools.htm; http://www. nihtoolbox.org/default.aspx). The goal of the Toolbox is to provide uniformity and enhance comparability across human clinical neuroscience studies, and it may be additionally advantageous for treatment trials. Further specification of such measures across species, and also across developmental stages, could be of significant use in preclinical drug development to advance the specificity of pharmacological treatments for children and adolescents.
Patient-Reported Outcomes Measurement Information System (PROMIS) is another notable example of an NIHwide program designed to improve the measurement of health outcomes provided by patient report (www.nihpromis. org). The broad objectives of PROMIS are to: (1) develop and test a large bank of items measuring patient-reported outcomes; (2) create a computerized adaptive testing system that allows for efficient, psychometrically robust assessment of patient-reported outcomes in clinical research involving a wide range of chronic diseases; and (3) create a publicly available system that can be added to and modified periodically and that allows clinical researchers to access a common repository of items and computerized adaptive tests. Currently in year 4 of the 5-year project, the PROMIS network has developed item banks measuring physical functioning, pain, fatigue, depression, anxiety, anger, and social role functioning and satisfaction. These item banks were tested and calibrated in over 20 000 participants from general and clinical populations, and these banks show superior precision compared to existing scales. The PROMIS Assessment Center was developed to provide computerized administration of these item banks by a fully automated patient reporting system. PROMIS has developed a number of collaborations with other federally funded projects, test developers, and early adopters. The PROMIS network is currently working on establishing a public-private partnership to sustain PROMIS services and expand the research efforts beyond the project period.
FUTURE DIRECTIONS AND CLINICAL IMPLICATIONS

Optimizing the Preclinical/Clinical Interface
Through individual and government efforts such as the Molecular Libraries, NCDDG, CDDG, MATRICS, and TURNS, unprecedented opportunities exist to identify novel targets (molecular and cellular as well as core domains of dysfunction) and novel compounds as potential starting points for the discovery of new mechanism of action treatments for psychiatric disorders. This opportunity also presents unique challenges, including more rigorous target validation (from target identification to clinical validation), better models to predict both efficacy and adverse effects in humans, new diagnostic approaches that may account for greater patient heterogeneity in treatment response, and refined tools and biomarkers for identifying specific defects in brain associated with disorders at the molecular, cellular, circuit, and ultimately the behavioral levels. Efforts exemplified by MATRICS, CNTRICS, and PROMIS are essential for identifying key behavioral and physiological measures of illness and treatment response that can be implemented in real-world populations. The development of biomarkers, though still in its infancy, will have enormous impact on the successful integration of these approaches toward the development of treatments for psychiatric disorders.
Development of Biomarkers for Mental Disorders
As previously discussed, the greatest impediment in the development of reliable model systems for drug discovery relevant to psychiatric disorders is the inherent discontinuity between models and imprecise diagnostic methods or indicators of the pathophysiology of psychiatric disorders. The identification, validation, and utilization of biomarkers that serve as quantifiable indicators of normal biological processes, pathophysiological states, and responses to therapeutics will be indispensable tools for generating reliable proof of mechanism and proof of concept data in preclinical and clinical studies. The ability to reliably identify individuals with specific deficits is expected to be a major advance for both clinical research and treatment development. Biomarkers will be identified from efforts to develop well-defined psychometric, neuroimaging, genetics, and proteomics measures, from modeling and simulating preclinical and early clinical findings, and other approaches supported through NIMH and NIH initiatives and programs.
The Biomarkers Consortium is a public-private biomedical research partnership managed by the FNIH. The Biomarkers Consortium embraces government, industry, patient advocacy groups, and other nonprofit private sector organizations to search for and validate new biomarkers to accelerate the competitive delivery of successful new technologies, medicines, and therapies for prevention, early detection, diagnosis, and treatment of disease (http:// www.biomarkersconsortium.org/). In the area of psychiatry, the Biomarkers Consortium currently supports a WGAS in major depressive disorder to identify genomic biomarkers for treatment response, as an extension of the NIMH supported Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study (http://www.fnih.org/news/ news_events_Oct.shtml; http://www.nimh.nih.gov/health/ trials/practical/stard/index.shtml), and there are other CNS projects under consideration. The Biomarkers Consortium invites project submissions in all therapeutic areas (BC proposals, http://www.biomarkersconsortium.org/index. php?option=com_content&task=section&id=7&Itemid=41). This ambitious public-private partnership is anticipated to have substantial biomedical impact by its efforts to identify and qualify biomarkers to support basic and translational research, guide clinical practice and, ultimately, support the development of safe and effective medicines and treatments.
Modeling Genetic, Developmental, and Environmental Risk Factors
Additional large efforts to identify genes associated with mental disorders are being supported by NIH and other agencies. For example, through the Autism Consortium, NIH is supporting studies aimed at identifying genes associated with autism spectrum disorders (http://www.nimh.nih.gov/ press/autismconsortiumgrants.cfm). NIH supports WGAS to identify genetic factors influencing risk for complex diseases to facilitate discovery of new molecular targets for prevention, diagnosis, and treatment through the Genetic Association Information Network (GAIN, http://www.fnih. org/GAIN2/home_new.shtml). The first phase of GAIN is genotyping samples from studies in schizophrenia, bipolar disorder, ADHD, and major depression (http://www.fnih. org/GAIN2/initial_studies.shtml). The genotype and associated de-identified phenotype information will be deposited in dbGAP, a database of genotype and phenotype information managed by the National Library of Medicine (http://www.ncbi.nlm.nih.gov/sites/entrez?Db ¼ gap) for access by the research community (http://grants.nih.gov/ grants/guide/notice-files/NOT-OD-07-066.html). NIH also supports genotyping and other genomic research methodologies to identify the major susceptibility and etiologic factors for complex diseases of significant public health impact through the Genes, Environment and Health Initiative (GEI, http://www.genome.gov/19518663).
These NIH efforts are complimentary to private efforts. For example, the Stanley Center for Psychiatric Research was recently founded at the Broad Institute of MIT and Harvard University by a grant from the Stanley Medical Foundation. The broad-based goals of this program are to identify and characterize risk genes for psychiatric diseases through linkage and association studies in the human population, develop animal and cellular models to investigate the function of candidate genes and pathways, develop sophisticated imaging techniques for elucidating brainbased phenotypes in clinical disease, and to design highthroughput chemical screens for identifying molecules that modulate important cellular targets related to neural function (http://www.broad.mit.edu/psych/).
Application of Genetic Data for Target Identification and Validation for Drug Discovery
It is still too early to assess the impact of the anticipated explosion of genetic data from GAIN, GEI, WGAS, and other genetic studies on the field of psychiatric drug discovery. As genetic and clinical evidence accumulates for risk genes for psychiatric disorders, it will be important to understand the biology and function of gene variants and gene-dosage abnormalities, and to develop a strategy for prioritizing research investment in the large number of emerging variants. As an example of the potential impact of WGAS on T1 research, disrupted-in-schizophrenia 1 (DISC1) has been identified as one of the most compelling risk genes for schizophrenia and other major mental disorders. Research to determine the expression pattern of DISC1 in brain, and RNA interference studies to assess its function has enabled an understanding of the involvement of DISC1 in neuronal development and cell signaling. Innovative technology and informatics approaches have identified DISC1-binding partners, including Ndel, phosphodiesterase 4B, and other molecules found within a large DISC1 interaction network, the 'DISC1 interactome' (Wang Q et al, 2008) . Research on the biology of DISC1 has lead to the identification of novel targets for drug discovery, the development of transgenic mouse models expressing DISC1 variants, and interest in the development of mice expressing DISC1 interactors for testing compounds as potential clinical candidates for schizophrenia.
Another example is the identification of the metabotropic glutamate receptor 5 subtype (mGluR5) as a target for drug discovery and development for treatment of fragile X syndrome, the most common inherited form of mental retardation. Recent studies in mice lacking the FMRX protein provide compelling data that reducing mGluR5 receptor levels can reverse both brain and behavioral abnormalities (Dolen and Bear, 2008) . NIMH is providing support to Seaside Therapeutics, along with co-funding from two additional neuroscience institutes, to test the toxicology and safety of a novel mGluR5 antagonist, STX107, in animals (http://www.nimh.nih.gov/sciencenews/2007/study-aims-to-develop-first-medications-for-fragilex-syndrome-leading-inherited-cause-of-mental-retardation. shtml). This is yet another example of NIH funding to bridge the 'valley of death' for testing a novel compound for an orphan disease. If additional tests in this study confirm the compound's safety, the scientists will request FDA approval to conduct research that will determine dosage and safety in normal, human volunteers. Success in phase I studies will allow the compound to secure venture capital/venture philanthropic funding to support clinical trials of the novel mGluR5 mechanism to treat fragile X syndrome.
Challenges
The intent of this chapter is to provide perspective on NIMH efforts to facilitate the discovery and use of novel therapeutic approaches for mental disorders. The MATRICS and CNTRICS initiatives represent a new approach to facilitate the development of treatments that are targeted toward improving core domains of dysfunction and real-world functioning of individuals with mental disorders. Although progress has been made, regulatory acceptance of cognitive enhancement as a target for drug registration in schizophrenia awaits validation of co-primary measures that reflect changes in real-world function. Similar approaches are needed for negative symptoms in schizophrenia and for bipolar disorder where the search for therapies that target core domains of dysfunction may be even more challenging. Existing preclinical models are variable in their degree of predictive value in assessing potential efficacy or adverse effects of new compounds in psychiatric disorders, calling for a new approach to conceptualize models and their place in the drug discovery pipeline. Continued as well as new efforts to support research aimed at understanding the genetic, molecular, and physiological basis of specific mental disorders are likely to illuminate new paths and approaches for developing and validating models to assess drug efficacy in animals and humans.
SUMMARY
In closing, this article has highlighted NIMH and NIH programs and public-private partnerships that boldly extend research support into the area of drug discovery and proof of concept trials, a critical first step in developing new treatments for patients with psychiatric disorders that are effective at both the bedside (T1) and in clinical practice (T2). Continued emphasis on such early phase initiatives should accelerate the transfer of biomedical discoveries into a wider range of testable interventions for different brain targets, including some that may correspond to symptom domains that cut across conventional diagnostic categories. Although the focus was on programs, initiatives, and emerging opportunities for translational research in psychiatric drug discovery and development, there are numerous NIH and institute programs that provide support for discovery and development in other CNS therapeutic areas. In keeping with the grand challenge, 'Now is the time for research to set an ambitious goal of finding cures and preventive interventions for these disabling illnesses' (Insel and Scolnick, 2006) , the transition of clinical candidates from discovery to clinical development can be accelerated if a new paradigm is adopted to bring the collective intellectual resources of public and private investigators to bear at every stage of the discovery and development pipeline.
Although the current status of therapeutic discovery for psychiatric disorders has clearly not progressed rapidly enough, significant advancements in genetics, molecular neuroscience, and systems neurobiology are poised to present novel treatment targets and lead molecules. At the same time, improved identification of critical behavioral and physiological parameters of illness and treatment response have potential to greatly improve clinical determination of efficacy and to guide the development of more predictive model organisms or systems. Full implementation of these approaches will require greater communication among research communities and with more traditional drug development enterprises. To forge paths where discovery in basic and clinical research ultimately intersect with and impact the treatment of psychiatric disorders, greater translational communication is also needed between the research community and providers of mental heath services. The next article in this series (Wang PS et al, 2008) describes some of the unique challenges in the T2 studies and how to improve the trajectories of advances in both T1 and T2 to improve treatment.
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